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(, 1: 
INTRODUCTION 

YThis  document describes programs used by MARC i n  studying and t e s t i n g  

and are wr i t t en  i n  Hewlstt Packard's 
confidence of these program were developed on a Hewlett 

This a very powerful vers ion of BASIC, 
the HP9836, 

and 
cons t ruc ts  found in tzlese programs are 

I are pecul iar  to  this BASIC. 

and E l l ip s tu f f .  The 1istin:s and 
The programs themselves are 

? 

I 
I 

R' subjec t  t o  change without notice;  

% e n e l l i p s e  1s an iY e l l i p s e  gwphing and'combinatio program. It allows the  
user  to  specify up to  twenty confidence ellipses, combine e l l i p s e s ,  graph 
ellipses, and test e l l i p s e s  for combination. 
explore the geometric proper t ies  of the combination method, but  has also been 
used t o  c r e a t e  f i g u r e s  f o r  a number of other reports .  

E l l s i m  is a confidence e l l i p s e  simulation" program. 
explore the robustness  and properties of the statist ical  test (which is used 
t o  decide whether or not  t o  combine two e l l i p ses ) .  
d i s t r i 5 u t i o n s  are specified, corresponding t o  two emitters. Confidence 
ellipses are generated,  tested, and combined, and var ious desc r ip t ive  
s ta t is t ics  are compiled. I n  addi t ion ,  there is a rout ine  t o  ca l cu la t e  the 
power of the statist ical  test i n  c e r t a i n  cases. 

It has been used primarily t o  

Y / 
It has been used t o  

I n  it, two normal data 

E l l i p s t u f f  is an Y e l l i p s e  rout ine  l ib rary ,  7 which contains  a large number of 
rout ines  t o  make working with ellipses easier. As such, both Genellipse and 
E l l s i m  contain a l l  a i  these rout ines ,  but they are also l isted separately. If 
more programs neeC t o  be wri t ten,  these are t h e  rout ines  t o  bui ld  them with. 

Each of t hese  programs is listed below, along with a short descr ip t ion  of 1 t h e i r  use. 
Confidence E l l ip ses :  A Geometric submitted t o  JPL by MARC on 
August 5, 1985. Refer here any quest ions concerning confidence e l l i p s e s ,  the 
combination method, or the statist lcal  test used. 

5 
\% 

\ This is a supplement t o  the report "Testing and Combination of 

I: 
I' 
I 

I 

I 
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11. GUIDE TO GPIELLIPSE: E l l i p s e  Graphing Program 

-., 
I 

Genellipse s tands  f o r  General El l ipse  graphing, and can e'?:, combine e l l i p s e s  
and test two e l l i p s e s  for combination. 
E l l ip s tu f f  Library Routines. 

The program makes extensive use of the 

When Genellipse is executed, the following menu is displayed on the screen: 

GENERAL ELLIPSE GRAPIER 
--.--------.--~------------ - . ~ l - C - - ~ - - -  

( A )  - Enter El l ip se  Hean Poin: (Center) 
( 8 )  - Ehtsr El l ip se  Shape (Covariance Matrix) 
(C)  - Enter E l l ip se  Shape (Axes and Orientat ion)  
(D) - Combine Two El l ip se  (JPL Method) 
(E) - Graph an  El l ipse  
(F) -- Clear Graphics Screen 
(GI - Choose Plotter 
(HI - Set Graphics Screen Bounds 
(I) - Calculate  Acceptance Test Statist ic (Chi-square) 
(J) - Draw Axes 
( X I  - Exit  Program 

Enter your choice: 

These opt ions w i l l  be  dealt  with one by one. 

( A )  '- Enter E l l i p s e  Mean Point (Center) 

Thh3 opt ion prompts the user t o  en te r  the center  po in t  for one or more 
ellipses. The program first asks for  the e l l l p s e  (1-201, and then for  
the  mean point.  
When t h e  user is through enter ing meass, pressing the r e tu rn  key  i n  
response t o  the question "Getting mean point  for E l l i p s e  I" w i l l  r e tu rn  
the user  t o  the menu shown above. 

This w i l l  repeat u n t i l  a l l  means have been entered. 

( 5 )  -- Enter E l l ip se  Shape (Covariance Matrix) 

There are two ways of specifying the  shape of a confidence ell ipse.  
first is through a covariance matrix. This option w i l l  ask for the 
ellipse nusber, and then prompt f o r  the elements of the  matrix. It 
repeats u n t i l  a l l  matrices have been entered,  J u s t  as option A does. 

The 



(C)  - Rater E l l ip se  Shape (Axes and Orientat ion)  

.- 

The other  way of specifying the shape of a confidence ellipse fs 
geometrically. 
above, and then asks for the axes lengths  an3 or ien ta t ion  i n  degrees of 
the e l l i pae .  
option A does. 

This option prompts f o r  the e l l i p s e  number, J u s t  as those 

It repe&:s u n t i l  a l l  e l l i p a e s  have been entered, j u s t  as 

(D) -- Combine Two El l ipses  (JPL Method) 

This option combines confidence e l l i p s e s  using the method described i n  
"Testing and Combination of Confidence E l l ip ses :  
The opt ion prompts for the numberr of the two a l l i p s s s  t o  be oombined, 
and then :'or the number of the r e s u l t a n t  e l l i p se .  
the usor had entered e l l i p s e s  'I, 2, 3, a d  7 out of 20, and wanted to  
combine 2 and 3. 
8 through 20. Further, if either of e l l i p s e s  1 or 7 were no longer 
needed, the r e su l t an t  e l l l p s e  could be given either of numbers 1 or 7 a~ 
well. This would, of course, eraae the e l l i p s e s  o r ig ina l ly  atored i n  
these slots. 

(E) - Graph an El l ipse  

A Geometric Analysis." 

For example, suppose 

The re su l t an t  e l l i p s e  could be given number 4, 5, 6,  or 

Triia option proiripts for  the number of the e l l i p s e  the user wishes t o  
graph, and continues asking for  ellipses u n t i l  a l l  desired have been 
graphed. The process i s  similar t u  t h a t  i n  option A. The e l l i p s e  w i l l  
Le graphed on the  current  graphics device (see option G). 
r e l a t ed  to  graphing a-e G, H, an" J. 

Other options 

(F) -- Clear Graphics Screen 

If t h e  CRT screen is the  curreriL graphics  device, choosing t h i s  option 
w i l l  erase a l l  ellipses cur ren t ly  drawn on it. 

I 

I 
d 

. \i 
.l 
! 

- 1 1  

( G )  -- Chooae P lo t t e r  

This options a l l o w  the user t o  select the current  graphic8 device. This 
program is curren t ly  wri t ten to graph on the CRT screen and on an FP7473A 
two-pen p lo t t e r .  Conaequently, if selected, the program w i l l  a sk  "Do you 
want t o  (Dlraw, (Elrase, Plot  wi th  Pen (01, (11, (211" Choosing "D" w i l l  
cause i t  t o  do a l l  graphing on the screen. Chooaing *'Ew w i l l  cause it t o  
graph on the  screen i n  "black" - so t h a t  an e l l i p s e  may be erased 
wichsrit c lear ing  the whole screen. Choosing ( 1 )  or (2; w i l l  cause it t o  
graph on the  p l o t t e r ,  using t h e  specified pen. 
p l o t t e r  t o  put away tho pen t h a t  its using, and then sets the CRT screen 
t o  be t h e  graphics device. 

Choosing ( 0 )  causes the  

(HI -- Set Graphics Screen Bounds 

This option Is used t o  sca l e  the  graphics screen. Default sdalfng fs -50 
t o  50 on the X-axis and -50 t o  SO on t h e  Y-axis. 
chosen, it w i l l  first present the "limitsn of any ell ipse:  that is, how 
tar the ellipse extends i n  the X and Y di rec t ions ,  30 that  a reasonable 
screen size may be chosen. 

When t h i s  option is 

The program prompts for the number of each 

3 



ell ipse,  J u s t  as i n  option A. Press the r e tu rn  key  after a'' -.sired 
ellipse limits have been seen. The program w i l l  then a s k  . . i i  *Green 
bounds: Minimum X value,  Maximum X value, Minimum Y valt Maxir~ Y 
value. 

(1) -- Calculate Acceptance Test Statist ic (Chi-squsre) 

This option prompts the user for two ell ipse numbers, and then performs 
the statist ical  test described in "Testing an6 Combining Confidence 
Ellipses: A Geometrical Analysis." The valus of &he test s ta t is t ic  is 
printed on the scr(?en. If it is less than or  equal t o  the 951 Chi-square 
value, 5.991, then the test  accepts; otherwise the tes t  rejects. 
(Actually, the test may be run a t  any confidence l eve l  desired. However, 
the ell ipses used in this program are assumed t o  be 95% confidence 
ellipses, and i f  the test is performed at  any other l e v e l  the geometrical 
r e s u l t s  shcm i n  "Testing and C~mbining. . .~  concerning the test w i l l  not  
qecessar i l y  hold :rue. 

(J) - Draw Axes 

This optian draws a set of axe3 on the zurrent  graphics device, and 
labels them according to the cur ren t  screen bounds (938 Optlo38 G and 11). 

4 



111. GUIDE TO ELLSIM: El l ipse  Simulation Program 

I 

i 

c 

E l l s i m  s tands f o r  E l l ip se  Simrilator, but can a l s o  f ind  ana ly t i ca l  estimates 
of stat?stical power. It uses the E l l ip s tu f f  Library  extensively. 

See the repor t  "Testing and Combining Confidence El l ipses:  
Analysis" for a deso;.iption of simulation and how it has been apnlied t o  the 
e l l i p s e  combination problem. 
r e s u l t s  i n  sect ion V of that report .  Note that i n  t h i s  program, sensor e r r o r  
is assumed to  follow a b iva r i a t e  normal d i s t r i b u t i o n  about the t r u e  locat ion 
of the  emitter. 
however, t h i s  assumption may t i  unrealistic. 

When the program is run, it w i l l  present the user wiLh the following menu of 
choices : 

A Geometric 

This is the program used to  generate the 

When loca t ion  estimates are derived from l i n e s  of bearing, 

E l l i p s e  Combination Program Driver 

(A) - Specify True Covariance Matrices 
(B) -- Specify True Mean Parameters 
( C )  -- Specify Observalcions 
(D) - Call Simulation Generator 
( E )  - Call Power Generator 
( X I  -- Exit Program 

Enter your choice: 

Options A, PI, and C are used t o  specify the two data  d is t r ibu t ions .  

Option A prompts f o r  the means of two b iva r i a t e  normal d i s t r ibu t ions .  
Se t t ing  the means t o  be equal is equivalent t o  Raving only one emitter. 
Sett ing them a p a r t  is equivalent t o  having two e n i t t e r s .  

Option B Fromgta t o r  the covariance matrices f o r  the two b i v a r i a t s  normal 
d is t r ibu t ions .  

Option C prompts f o r  the sample s i z e s  t o  be used f o r  each dis t r i t jut ion.  Note 
t h a t  any confidence ellipses generated vi11 have covariance matrices equal t o  
those specified i n  o?tion B, divided by these sample sizes .  

Options D and 2 call  t h e  Simulation Senerator and t h e  Power Generator 
respectively.  These w i l l  be discussed individually.  

5 



Y ’ ‘,  I c 

(D) -- ?he S i m l a t i o n  Generator 

Choosing t h i s  opt ion leads t o  another menu: 
as r o i i o i s :  

-- 
thrt s i m l a t i o n  menu. It app8ars 

Enter the Letter of your choice: 

( A )  Reset the Raz.dom Number Seed 
(B) Simulate using t r u e  Covariance Matrices 
(C)  Simulate using estimated Covariance Matrices 
(PI Display Resul t s  on the P r in t e r  
( X I  Exit Program 

Enter Your Choice: 

These opt lons w i l l  be d e a l t  with one by 8ne 
i 

1 -  

i 

4 

1 

J 

( A )  - Reset the ;andon Number Seed 

This o p t i m  allows the user t o  start the  random number process with a 
given s( I; t h i s  is general ly  not necessarq,  b u t  is use fu l  fcr purposes 
of debut din:. 

(B) - Simulate u s 2 g  t r u e  i m a r i a n c e  Matrices 

T h i s  optioti ?til Ti40UJpt the user  for :he nupie? or s imulat ions ( g e n e r d l y  
100 o r  more), aqd then proceeds i n  th i s  mann3r: f9r eacl d i m l a t i o n  it 
generates  the number of observst ians  specit’ied by t he  sample s i z e  entered 
e a r l i e r .  It estimates the emitter loca t iona  from these observations,  and 
ca l cu la t e s  confidence e l l i p s ~ s .  It tes ts  t o  see i f  these ellipses may be 
combined. F ina l ly ,  it checks t o  see i f  the  :ombined e l l i p s e  c o n t a i w  the 
t rue  loca t ion  of tne emitteds). 
compiles these r e s u l t s .  
lor- more information. . 

When a i l  s:mulations are done, it 
See “Testing and Combining Confldence E l l ip sesw 

(C) - Limudate using estimated Covzritnce Ms:rft?es 

The process here is the same a s  that ou t l ined  for  option B, exkept for 
one addi t ion:  the covariance mawides used ..n the confidence ellipses 
and s t a t i s t i c a l  test are estimated. HaUeverr thc formulas fcr the 
e l l i p s e s  and test assume tha t  t he  covariance matrices are kiiom. Thus, 
t h i s  opt ion is used t o  exploro what happens lf es t ina t ed  matriceo are 
m i ~ t a k e n l y  used. 
statistic. This l a  the usual way Qf est imat ing variance-covariance from 
a da ta  set, but  is d i f f e r e n t  from the  methods used i n  most lf not a l l  of 
the pos i t ion  fixing algorithms we ha”e seen. 

-- 
Note that  t h e  estimates a r e  made u s i q  the  wS2w - 

x 
6 
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1 

( 0 )  - 3lsplay Results on the Printer 

When either optlon B or cptloil C has been complzttd, the results  of the 
simulations are shown in the screec. If a hard2opy is desired, selecting 
th i9  option w f l l  caufe the results  of the las t  ~ f ~ l a t i o n  run to be 
aucput on L’le printer. 

( X I  - Exit Program 

This option w i l l  e x i t  the Simulation Generator. and return to the 
or! glnal menu. 

4 
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I (E) - The Power Generator 

The ?ewer of a stat is t ical  tes t  is essentially the probability that the test  
will reject when It mght to. That is, it 1s the probability that the 
statist ical  test w i l l  say ‘&at there are two emitters &en i n  fact there are 
tu0 emitters. In the problem a t  hand, however, the power bs not a single 
quantity; 
emitters. 
low; 

I n  fact, there 1s a different power value for each pair of 
If the emitters are close together, the power of the tes t  will be 

If they are far apart, the pawer w i i l  be close t o  1. 

This option works i n  the following way, for  convenience sake. 
covariance matrices and sample sizes specified from the main menu, but allows 
the us8r to enter the distance between the two emitters. It calculates the 
power, and then asks for another distance. To return t o  the main menu, enter 
0 for the distance. 

It uses the 

I 
1 

1 

‘I 
‘I 
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I V .  - GUTDE TO ELLIPSTUFF: El l ipse Routine Library 

I 

i 
I 

4 

Ell ipstuff  is a l i b r a r y  of subprograms and funct ions wr i t ten  t o  facil i tate 
confidence z l l i p s e  research f o r  JPL. 
e l l i p s e s ,  conibining ellipses, testing ell ipses for combination, and graphing 
e i i i p ~ e ~  . 

It covers such things 8s defining 

To use  E l l ip s tu f f ,  simply include it i n  within a program. Genellipse and 
E l l s i m  are examples of this. 

Confidence e l l i p s e s  and how they are stored 

A confidence e l l i p s e  is defined by two things: 
and a covariance matrix. 
stoped for each e l l i p s e ;  In  addition, it is often necessary t o  have the 
inverse o? the covariance matrix on k n d  as we1.l. 
in  a matrix with 40 slots, allowing the storage of 20 covariance matrices 
with their inverses. 
the inverses themseLves, but i n  case it  is necessary t o  use them exp l i c i t l y ,  
the e l l i p s e s  are s tored  i n  s l o t s  1 through 20 and the inverse covariances a r e  
stored i n  slots 21 through 40. By convention, the inverse of the covariance 
matrix f o r  the e l l i p s e  11;. say, slot 3, is stored i n  s lot  23, and so on. 
Examine the rout ines  f o r  mre programming information. 

a point  estimzte, or mean, 
Thus, both of these pieces  of information must be 

E l l ip s tu f f  s t o r e s  ellipses 

In general  most af the E l l ip s tu f f  rou t ines  deal with 

E l l i p s t u f  f User Rout ines  

The s l o t s  specified i n  the following rout ines  should be between 1 and 20 
inclusive. 

Get - e l l  mean(Ellipse1 
ThTs coPrmand prompt3 the user  t o  input the m a n  (center  po in t )  f o r  
the e l l i p s e  i n  s l o t  Ell ipse.  
Example: Get e l l  mean(1) - -  

Get covar lance ( El 1 i p ae 1 - 
Thi3 command prompts the user t o  input the covariance matrix fo r  the 
e l l i p s e  i n  s l o t  E11Fpse. 
Example: Gee, - covariance(2) 

This command prompts the user t o  input the shape of the e l l ipse 
(lengths of the semi-minor and aemf-major axes, and the or ien ta t ion)  
which is then converted to  a covariance matrix. 
E x ~ a p '  Get - axes(3) 

Get - axes(Ell1pae) 

9 
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Test(Elllpae1, El l ipse2,  Work, Test stat) 
This cosrmand runs a chi-square-test on the e l l i p s e s  i n  slots 
Ellipse1 and El l ipse2 i n  order t o  see if  they may be combined. 
value of the test-statistic is returned i n  Test stat. Work is the 
number of any unused s lot ,  t o  be used for  8CratFh work. 
Example : Test (3,4,20 ,Some-variable) 

The 

Combine c l l i p s e ( E l l i p s e 1  Ellipae2, Combo) 
Thrs coramanc. combines the ellipses end point tstimates i n  s l o t s  
E l l ip se l  and Ellipae2, and stores the combined e l l i p s e  i n  s l o t  
Combo. 
Example: Combine - e l l i p ~ e ( 3 ~ 4 ~ 5 )  

This draws the  ell ipse in s l o t  El l ipsp on thg current  p lo t t ing  
device (see C h m s e g l o t t e r ) .  
screen dimensions. The default values are (-50,50,-50,50). 
Prob constant l a  rem minus the chi-square cutoff  associated with 
the Zonficience leve l .  
is the confidence level .  For 80me reaaon, a l l  0: the programming 
was done i n  terms of -P=2LN(l=Alpha). Thus, for 95% e l l i p s e s ,  
Prob constant = -5.941). 
Ex--le : Draw - e l l i p s e (  2, -1 0 10, -20.20, -5.991 

Draw - e l l i p s e ( E l l i p s e ,  Xmln, Xmax, Ymin, Yaiax,Prob constant) 

b i n ,  Xmax, Ymln, and Y¶ax spec i fy  the 

(The cutoff  is ~ = - ~ ( ~ - ~ l p h a ) ,  where u p h a  

D13p - extremes ( E l l i p s e )  
This command d i sp lays  the extrema x and y points  caiculated by 
Get bound for the e l l i p s e  i n  s l o t  Ell ipse.  AS Is designed t o  aia 
i n  Zhooeing the Xmin, Xmax, Ymin, and Ymax v b  des required by 
Draw e l l i p s e .  
Ex--le: Dibp - extremes(1) 

Dlsplay-cov( E l l ip se  1 
This command d isp lays  the tiovariame matrix of the ellipse i n  slot  
El l ipse  on the c r t  screen (not  graphical ly) .  
d i sp l ay  the ‘nverses i n  s lots  21 through 40. 
Example: Display - oov(l1) 

When first fn l t l a l lZed ,  E l l ip s tu f f  assumas that a l l  graphing w i l l  be 
done on the CRT. ChooseJlotter is called to  allow the program user  
to  select uhich device t o  use. Note: this program was wr i t ten  on a 
system with two graphics devices-a CRT screen and an HP7470A two 
pen p lo t t e r .  
Dlraw - graph on the CRT i n  the normal fashion (DEFAULT). 

It may also be used t o  

Chooseglot  ter 

Chooseglo t te r  presents  the user with 5 options: 
- .  

Elrase - graph on the CRT 
things. 
5 )  - graph on the p l o t t e r  
2)  - graph on the p l o t t e r  
0) -- put away the cur ren t  
Example : Chooseglotter 

i n  “black“. This may be  used t c  erase 

usinG Pen 1.  
using Pen 2. 
p l o t t e r  pen and select the CRT. 

10 I 
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El l ips tur f  L o w  Level Routines 

These are rout ines  which are u r n  i n  building user routines.  
must deal w i t t  inverse covariance matrices also, the s l o t s  specif led may run 
from 1 to  40. The user w i l l  generally not use these, except when adding t o  
the u i i p s t u r r  module. 

Since these 

fnvert(Source, Destination) 
This command inve r t s  the covariance iaatrix i n  s l o t  Source and puts  
the inverse In slot DestinaCllon. 
Example: Invert(3,  23) 

Add - covariance(Ellipsel ,  El l ipse2,  SuPmer) 
Tiiis command adds the covariance matrices stored in  s lots  Ellipse1 
and Ellipsea,  and s t o r e s  them In s lot  Suner. 
Example: Add - covariance(l ,2,3) 

Get - bounds(Ellipse, Prob constant)  
This command calculgtet and saves the extreme x and y poin ts  f o r  the 
e l l i p s e  i n  s lot  El l ipse.  
Example: Get bounds(3, -5.991) 

. .  - 
1 

I 

P 
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A, GENELLIPSE: Ellipse Graphing Program 

Genellipse is at, %llip.*e graphing and combinationn program. 
user to specify up to twenty confidence ellipses, combine ellipses, graph 
ellipses, and test ellipses for combination, 
explore the geometric properties of the combination method, but has also been 
used to create figures for a number of other reports. 

It allows the 

It has been used primarily to 

I 
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31 0 
320 
330 
340 
350 
360 
310 
380 
390 
400 
40 1 
b10 
420 
42 1 
430 
4 40 
450 
460 
470 
480 
490 
540 
510 
520 
530 
5 40 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 
610 
680 
690 

PBUIT ( A )  - B u r  o l l i p a a  H u n  Point 
PRINT = ( 6 )  - Rnrr Qllp# w e  (co*8rl.nco M8trlx)n 
P R I U  I) (C) - Rtatrr o l U p M ~  w e  (Ares md Q-ientatlon)n 
PRIMT (D) - cab- Tu0 Elllp8ea (JPL ?lethod)" 
PRINT (E) - on* m Ellip#- 
P U m  (F) - Qur Or.phlcs Scrwnn 
PRINT = (C) - 000.. Plotter. 
P R U T  (a) - Sat Grrphlcs Scr-n Boundsn 
P11111 (1, - Calculate Acceptance Tart S t a t l s t l c  ( a i - s q u u e ) "  
PRUT (J) - Raw A.mn 

?RfKT 
PRINT *Btt.? ratr Oholc*rn 
DISP Thooaa an Optionrn; 

PRIHT ( X I  - Exit PrOgramn 

INPUT opt tont  
rn Option$ 
enst =A9, =an I Get ellLp8e mean points. 

Clurrorwn 
PRIM7 Wottlng moan point for U l l p w P :  
REPEAT 

El l lpm-0  
DIS? nEntor tho C l l l p a d  (1-20)': 
flm n l l p w  
P U N T  U l l p r  
I F  U l l p r < - 2 0  AND Ullpae>O THW CALL G e t ~ e l l ~ ~ a n ( E l l 1 p s e )  

r n 1 L  El l lpw-0  

C l u r s o n o n  
?RIwt %ett lng Sh.po (Ca*ariance mtrix) for  Ullpsalw; 
REPUT 

E l l  1pn-0 
DISP *Entor tho  El l ipse l  11-20)"; 
IYPUT ~ l l i p r e  
?RIM E l l i p 8 0  
I f  Ullpeoc-20 AND Ullpae.)O THEN CALL Get-covariance(Elllpse) 

CAS& nEn,nbw I Get e l l l p w  covariance matrices 

W f L  ElllpM-0 
CASE "Cn, I Get  e l l i p s e  ax03 and orientatloIi 

A-2 
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1 

I 

700 
71 0 
720 
f30 
7 80 
750 
760 
770 
780 
790 
800 
810 
820 
830 
840 
850 
860 
87 0 
b80 
890 
900 
91 0 
920 
930 
940 
950 
960 
970 
980 

990 
1000 
1010 
1020 
1030 
1 ouo 
1050 
1060 
1061 
1070 
1080 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
119u 
1200 
ne) 
1210 
1220 
1230 
1250 
1260 
1280 
1281 
1290 
1300 
1301 
1302 
1310 
1320 

PRINT 
P R I M  "New Corarimce ?latrlx:* 
Di8play-COV ( Ellip8eS I 
Pauaeab 1 t 

REPEAT 
CASE rEr.ner 1 Graph e l l i p w s  

clearscreen 
PRINT "Graphing Ellipse#"; 
Ellipse-0 
DISP 'Enter E l i i p 8 d  (1-20)"; 
INPUT Ell ipse 
PRINT Ellip% 
I F  Ellipae<-20 WD Ellipse>O THEN 

PRINT 
P U N T  "Center Point ("rXbu(El1lpaa 
PRINT 
PRINT *Covmi.noe I( . tr ixrn 
Dirplay COV(EllipM) 

;", *;mar 

P R I ~  4kjorz * ; r~ jo r_u t i r (E i i ipw) ;*  Hinor: w:ninor_uis(nlip 

PRIM nOrlent: wtAngle(Elllp8e.) 
Inrert (El l lp%.El l ip~*20)  
Cot bounds( Ellipse, Prob  constant 
w a G - e i i i p m ( n i i p ~ ~  ,xmTn. XIMX. ~ m i n ,   mu, ~rob-constant) 
ALPHA ON 

END IF 
UWTIL Ulips.-O 

CASE * F " , * f *  I Claw me graphics acrean 
E L E A R  

CASE *G".*g* I Choose the p l c t t e r  dOViCd 

CASE *H".*h" 1 Set the screen boundaries 
chooseglot.ie. 

Clearscreen 
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1 J3Q 
1340 PRIM 
1550 REPUT 
1360 3 l l ipw-0  
1370 DISP nDisplay Sxtrtzs Points for E l l i p a d  (1-20)0: 
1380 INPUT Ellip.. 
1390 
1400 I n v e r t ( E l l i p w , E l l i p ~ + 2 0  1 
i o i o  Ge-bwnds(Elllpw, Prob-constant 

1.330 m IF 
1410 m1t ~ 1 1 p 8 e - o  
1450 PRIM 
ll6Ci Gat-x:! 
1470 PRIM Win- X value: ": 
1480 
1490 IllRlt Xmin 
1500 PRINT -in 
1510 PRINT 748ximm x v.1ue: "; 
1520 
1530 m x n u  
1540 P R m  x.u 
1550 If kin>-XIPrx WEll Wt-x 
1560 kt y:i 

#RIM "Setting Swoon Boundaries...." 

IF E l l i p r > 0  Nm Elllpaa<-H) THEN 

42G D18p-eXtr~S( Euip80)  

DISP "mter the minisum X value": 

DISP "brat-  the uximau~ X value': 

1570 
1580 
1590 
1600 
1610 
1620 
1630 
1640 
1650 
166C 
1670 
1680 
1690 
1700 
1710 
1720 
1730 
1740 
1750 
1760 
1770 
1780 
1790 
1800 
1810 
1820 
1830 
1850 
1850 

- 
PWNT "niniau Y value: 'I 
D I S P  'PILter the ainlmum Y value': 
IyPUt 'loin 
P R I n  Ymin 
PRINT 3luinau Y value: "; 
D I S P  'Snter the aaxinum X valuen; 
1nm Y n x  
PRINT YDLX 
I F  rmln>-?'au THEN Get> 

Clrvrorean  
PRINT "C.lCu\atlng Accepunce Tb8t' 
PRINT 
El l ipml-0  
Elllp882-0 
swork-c 
PRINT "Qlipm 1 I": 
DISP "Enter the f!.r8t E l l i p w l  (1-20)"; 
I N P I T  P l l p a e l  
PRINT ElliPrnl 
PRINT n e l l l p w  2 I":  
DISP n&ter the 8ecor.d E l l i p w l  (1-20)n; 
INPUT Ellip802 
Plwrr ElliPrn2 
PRINT 'Scratch Work 1"; 
DISP "Enter tho aaratch work li (1-201'; 
INPUT Swork 
PRIMT Swork 

CASE "1'r"l" I Calculate the chi-square 

rk<-20 AYD Suark>O AUD SvorkOEllipsnl AND Swork<>Ellipm2 THEN 
1860 Test(El l lpw1 ,Ellipse2,Suorlc,Test_stat) 
1870 DiD IF 
1880 PRINT 
1890 
1900 PRINT 
1910 PRINT 

1921 CASE "Jn,"Jn 1 Raw in the u c s  
1922 CMPHICS ON 

PRINT Yhe Test s t a t i s t i c  is R:Te8t-8tat 

1920 PaU8Oablt 

1323 CSIX 2 
1925 HOVE 0.0 
1926 DRAM 0.100 

A-h 



1927 
1928 
1929 
1930 
1931 
i932 
1933 
1934 
1935 
1936 
1937 
938 
1940 
19P1 
19U2 

194U 
lP45 
1996 
1997 
1949 
1950 
1951 
1960 
1970 
1980 
1990 
2000 
201 0 
5000 
501 0 
5020 
5030 
5040 
5050 
5060 

i 913 

ir(20! 
SO70 
5080 
5090 

5110 
5120 
51 30 
51 40 
5150 
51 60 
5170 

5; no 

UQVE 100.0 
DhAY 0.0 
WCL a(‘;Xmin:a ,*:Xm1nta) a 
WRG 7 
non 100.0 
U B e t  lb8x 
WRG 3 
Hove 0.100 
LABEL rmax 
WRG 4 
HOVE 50.0 
CSIze 3 
LABEL aX-Ax~s ( i n  kllomettera)w 
mVE 0.50 
DEG 
LDIR 270 
LABEL aY-Axls ( i n  klloQetera)a 
LOBG 1 
LDIR 0 
RAD 

CASE aXa.axw de can stop noy 
Clevrcrnn 
PRINT Th8t*a all. f O l k 8 1 ”  
STOP 

CASE ELSE 
PRINT CHRI(7) 

SliD SELECT 
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I 

5340 
5350 
5360 
5370 
5380 

5390 
5400 
5410 
5920 
5430 
5440 
5450 
5451 
5452 
5453 
5454 
5455 
5460 
5470 
5480 
5490 
5500 
5501 
5502 
5503 
5504 
5505 
5510 
5520 
5530 
5540 
5550 
5560 
5570 
5580 
5590 
5500 
5610 

i 

Su8 Choo.rglotter 
I Subrartlne to choose the beairad plotter bevlce 
REPEAT 

Go on-1 
DID "Do you uMt to (Dlraw, (C)raae. Plot with Pen (0) .  (1). (211" 

SU&T Ues8ageS 
CASE "D",'d' 

PUITTER IS 3,"INT€RNAL" 

P e n  1 

CASE "0" 

ulm -8-08 

GRAPHICS on 

00-rn-l 

PtOIfER IS 705,"HPGL" 
GRAPHICS ON 
PEN 0 

CASE "1" 
Go-3fl-1 

PurrrzR IS 705."HPGL" 
GRAPHICS ON 
m1 
GO on-1 

CASE "2" 
PtOltER IS 705 . *HPCL" 
GRAPHICS ON 
PEN2 

CASE "E" "0" 
PLOT& IS 3,"IMERNAL" 
GRAFHICS ON 
PEN -1 
co-m-1 

CASE ELSE 
PRINT CHRS(7) 

S#o YUECT 

Go-XI-1 

UNTIL Go-m-1 
S U B g l D  
! 
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5860 PRINT klatrx(K; K. E l l l p r s )  
5870 l l E X T K  
5880 
Wrn#":I;"r "; 
5890 INPUT t4a t rx( l ,2 ,El l iom~ 
5900 ~ a t r x ( 2 . 1 ,  L l l i p m ) + n t r x (  1 .2.Ellipse) 
591 0 PKINT klatrx(1.2.Ellipw) 

PRINT TABXT(1,3*9);"BtTER ELEMENT (1.2) I N  THE COVARIANCE HATRII MR E 

5920 
5930 
9940 
5950 
5960 
5970 
5980 
5990 
6Ooo 
601 0 
6020 

P8U808bit 
SUBMD 
I 
I PAUSUBIT 
I 
SUB Par s e a b i t  

I Pzuw .ad nit 
D I S P  "Type RtTER 
Im Garbages 

SUBMD 
SUB C1wacre.n 

for 8 carriage re turn  
t o  aontinue...n; 

6030 I c l c u  n e  auraen 
6040 PRINT CHR$(lZ) 
6050 S U B a D  
€350 I 
6070 I GFf-AXES 
6083 I 
6090 Sub Get-un(Ell lp8e)  
6100 
6110 
6120 I ns t r ix .  
61 30 
is( 20 1 TI~U(  20) .~ngle(ZO 1 ,Emin x( 20) .~max_x(20) ,bin-y( 20 1, --y( 20 1 

. This m b m t i n e  g e t s  an elllpam in terr- of the area and the 
I angle of orientation. mese are converted i n t o  a covariance 

CO!i /El l ipma/  t4atrx(2,2,40 1, mar( 20 ) ,Dad 20 ) ,Ma jor-axia(Z@ 1 ,Mlnor-ax 

Prob c o n ~ t . n t - ~ * ~ ~ ~ (  .B) 61 40 
6150 
6160 
8 
6170 
6180 
61 90 

6200 
6470 
622;) 
l l lpse :n  
6230 
62UO 
6250 
6260 
6270 

~1eaTscrem 
PRINT WHAT IS THE RADIUS OF ME MAJOR AXIS OF ELLIPSE N;E1llpSB;w : (I 

IMRlf mjor a x i a ( t l l i p w )  
PRINT a jorzax id ~ l 1  ipse 
PRIloT 'WHAT IS THE RADIUS OF ME MINOR AXIS OF ELLIPSE n ; P l l p a s ; w  : 

Il(puT HlnOr-8Xb(El lAySe  
PRINT Ufnor-axf a ( E l l  i p s e )  
PRINT "VHAT IS ME ANGLE ( I N  DEGREES) OF tHL W O R  AXIS OF ELLIPSE ";E 
: " I  
INPUT hgle(E1l lpae)  
PRINT &irple(Ellipae) 
I Convert t o  Covarlmca npt r ix  
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I L m f  

6530 ! ADD-COVARIANCE 
6540 I 

I 

6550 SUB Add_oovari.nce(First,Second,S~r 
6560 1 mis subroutine can oo uaed to add -r-F:r . -,,,md 
6570 cw /Qllp.as/ ?Wtr~(2,2.~~J),Xbu(2O!,Ybb.r(20),~~or-axls(20) .iUnor-ax 
is( 20 1 ,meu(2O 1 ,~ngle(tO ! ,min-x(20 ) ,&max-x(20) .ain-y( 201, Emaxj(20 1 
6530 ImGER I,J 
6590 WR 1-1 TO 2 
6603 FOR J-1 to ? 
661 0 
6620 lcITTJ 
6630 MEXTI 
6640 SUBm 
6650 I 
6660 ! CCMINE-UPSE 
6670 ! 
6680 SUB Combine-elllpw iFlrst,Second, Com8o) 
6690 I mir routine finds the "JPLW cornbination of the firat and Second 
6700 1 .llipaeas. 
671 0 
is(20) ,meu(20) .~nglr(tO) .Emin-x(20) ,&max-x(2C) ,Eminy(ZO) ,Emaxj(20) 
6720 REAL Sxl ,Sx2 
6730 ! calculate the new ccvarian-e mfrix. 
6740 Invert(Pirrt,First*20) 
6750 Invert(S.oond,S.conC*20) 

6770 ~nvZrt( ~omt10*20, C-O) 
6780 ! Calculzta the n w  mean point. 
6790 Sx!~trx~l,:,First+20~*Xbb.r~Plrst~*Matrx~l,P,First*tO~*Ybar~i'irst~ 
6809 Sxl 4 x 1  *Flatrx( 1 ,l .Second+20 )*XbarlSecond)+Matrx(1,2 .Second*20 )*Ybar (Se 
cone) 
68iO Sx2=Matrx(Z, : .First*20)*XBar(First )*Mawr(2,2.Firat+20 )*Ybar(Flrst 1 
6820 Sxi?-Sx2+netrr( 2.1 ,Second*20 )*mar( Second) *Matrx( 2.2, Second*20 ) *Ybar( Se 
cond) 
6830 Xbar(Combo) -tta trx( 1 , 1 , &mb jo) *Sxl *mtrx( 1.2, Combo) * S a  
6840 Ybar(Cornbo)datrx(2. 1 ,Caobo)*Sxl *trx( 2.2 ,Combo)*Sx2 
6850 SUBmD 
6860 I 
6870 I DISP,-#TRm 
6880 I 
6890 SUB Dlrp-~xtrrus(Elllpm~ 
6900 I mla rautlne display6 the extrema t -nd y values for  the specified 
691 0 I .11ipaa 
6920 C 9 4  /Plipwr/ M.trx( 2,2,40 ,Xbar(2O 1, Ybar(ZC) ,Ma jor-axis(20) .Mlnor-ax 
1st 20 .Theta( 20 1 :Angls(2O .!hln-x( 20 I ,Emax-x(?G ,Em! nyC20) .Emax-Y(20 
6930 PRIM " S I  ";Ellipse:": "; 
6940 PbIM "min ":Emin %(Ell p s i ) :  

6960 PRINT *: Ynin n;Eminj(Ellipse); 
6970 PRIM "; Y-x ";Fhax~(Ellip8e) 
69BO SUBMD 
6990 
7000 : This rwrttne drwr one ( 1 )  .lllpra on the currant plotter device. 
7010 
As ( 23 ) , n a t a  ( 20 J , ~ng10 ( 20 ; , Em tn-x( 20 . Ema'r_x( 20 . Em1n-y ( 20 ) . Enax-y ( 20 
7020 INTEGER Siun 

Hatrx(1 ,J,Sumers)-I4&trx( I ,.I ,First!*!4atrr! I,J,SeconLj 

COI  /Ellipses/ ?Wtrx( 2,2,40 ) .xbar( 3). !&( 20) ,Ma jor-axis(20 ,Mlnor-ax 

6760 Add covariance(Flr~t*20 ,SC Jnd+20 ,COmb0*20) 

6953 PRINT "; xmax ":&x~x(ElllPse): 

SUB Dr ~ w ~ e l l i p ~ ~ E l l l p r ~ , ~ l n ,  Xmax. Yaln, Xmax ,Prot-constant) 

Con /Ellip&ts/ Matrx(2.2.90 .Ww(  20) .Xbar(2O ,Ha~0r~ax1s(20~ .Mlnor-ax 

Y 
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M L A  n 

I 

1 

I 

44 

7030 
7060 
/Of0 
7090 
7090 
7; 00 
7110 
71 20 
71 30 
71 40 
u-rmin) 
7150 
ax-Ymin 1 
71 60 
71 70 
7180 Draw-tmlf: 
71 90 I sign-1, then draw top h l f :  i f  S1uri--ls Wen bottan hlf. 
7200 FOR Xpo<?t-btn-x(Ellipse) TO U x ( E l l l p 8 8 )  -%r .l 
721 0 COSUb Draw-lpmt 
7220 NEXT Xpolnt 
7230 Xpoint-&ax-x(Elllp-) 
7240 COSUB Draw-lgolnt 
7250 RENPN 
7260 1 
7270 1 Compute each Dolnt and draw the new line. (1t.s here since we c a l l  
7280 I it twice 
7290 I 
7300 Draw-lgolnt: I 

Upoint -Xpoln t -Xbm ( E l  Up- ) 
7310 7320 T e ~ I - W t r x ( l , 2 . € 1 L l p ~ e * 2 O ~ ~ U p o l n ~  
7330 Temp2-Teapl *Temp1 -Matrx! 2 ,2, E l l l p s s + 2 0 ) ~  ( b t r x (  1 , 1 ,Elllp80*20)*Up3lnt* 
Upoint+Prob constant)  
7310 IF Temp2<l O*(-lO ) ?HEN Temp2-0 
7350 I'point-(-Templ *Slgn+SQR(Tamp2) I M t r x ( 2  I 2 . E l l l p w * 2 0 ~ * Y b ~ ( U l l p  +a) 
7360 IF Xpolnt<-Emin X(zlllpW)*.oo1 THEJ4 
7375 ROVE ()(point%in)*l oo/(xmax-min), (Ypoint-rmln)*lOo/(Y~ -rai I )  
7380 E1 S E  
7- \(I DRAU ( X p o i n t - X m i n ) * l O O / ( ~ - ~ l n ) ,  ( Y p o l n t - Y ~ l n ) ~ l O O / ~ Y ~ r - Y o l n ~  
7 L J  END IF 
7410 RETURN 
7420 SUBEND 
7430 1 
7410 I TEST 
7450 I 
7460 SUB Test(Flr~t,Sccond.Work.Tese_val) 
7470 1 mis routines ca lcu la tes  the accepunct  :rat c r i t e r i a  for F i r s t  and 
7480 I Second. Jork is used as a nacratchpadw. 
7190 
is(20) .meta(20 , h g i  ?(20 1 ,&in x(20 ,Emx ~ ( 2 0 )  .Eminj(ZO 1 , m - y ( 2 0 1  
7500 Add covarlurce(Flr~t.~~cond,Uor&~ 
7510 Inv&t(Uork ,Uork*20 
7520 Dlifx-Xbar(Plrst )-Xbu(Second) 
753c Dif +-nar(Flrst )-Ybb.r(Second) 
7540 Tom. , Iw. t .rx l l , l .York+2O~*Dl~fx*~trx~l ,2 ,Uork*20~ Dlffy 
7550 T o m p 2 ~ t r x ~ 2 . l , Y o r k * 2 0 ~ * D l ~ f x * ~ t r x ~ 2 , Z , U o r k * 2 0 ~ * D l f i y  
7560 Test~~a1=Dl~fx*tr~?*Dlffy~T~mp2 

I R ~ W  hair or the o i i ipee  

C(M /Ell ipses/  Wtrx(2.2.40) ,Xbar(20) ,Ybar(2O) , ~ j o r - a x l s ( 2 0 )  ,Wrior-ax 

7570 SUBEND 

a 
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B. E U S I H :  El l ipse Simulation Program 

E l l s i m  1s a %oniidence e l l i p se  simulatiorP pr-ogram. 
explore t h e  "obustness and propert ies  of *.e statistical test (which is used 
t o  decide whether or nut t o  combine two e l l ipses) .  
d i s t r i b u t i u w  are spec i f ied ,  corresponding to  two emitters. Confidence 
e l l i p s e s  are generated, tested, and combined, and various descr ip t ive  
statistics are compiled. I n  addi t ion,  there is a rout ine  to celculate the 
power of the statistical test i n  ce r t a in  cases. 

It has been used to 

In it, two normal data 
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I 

1 

1300 
1310 
1320 
133b 

1350 
1360 
1370 
1 j80 
1390 
1400 
1410 
1420 
1 430 
I 4 4 0  
1450 
1460 
1470 
1400 
1490 
1500 
1510 
1520 
1530 
1545 
1550 
1560 
i 570 
1580 
1590 
1600 
1610 

13.3 

1620 C.t-oba: I 
1630 FOR Imat-1 TO 2 
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1680 
1650 DPUI oesifn:) 
1660 Prism Obr(Int) 
I670 IIEXT lut 
1680 RGmRll 
1690 Enagmgrm: 1 
1700 u(D 

PRINT .~ov  . m y  oowrvat ionr  ror e l l i p s a  O~:Imat:w: u: 

1530 
1940 
1950 
1960 
1970 
1960 
1930 
2000 
201 0 
tQ2O 
2030 
2040 
2050 
2060 
2070 
2080 
I 
2090 
2100 
2110 
21 20 
21 30 
21 40  
2150 
21 60 
2170 
2180 
21 90 
2200 
221 J 
2220 
2230 
2240 

SUB Qlooseglotter 
I Subroutine t o  
REPEAT 

DISP YOU 
Go-OtW-1 

chooss the desired p lo t t e r  device 

Wt to (Dlraw. (&)raw. Plot u i th  Pan (0). (1). (211" 

UwNt ) l u 4 e $  
SELECT Uouage$ 
CASE *D'."d" 

P m  IS 3,'INTERMAL" 
GRAPHICS ow 
PEN 1 
Go on-1 

CASE :QW 

PwnER IS 705,"HPcL" 
OMPHICS ON 
PUI 0 
Go UI-1 

R C T T E R  IS 705,"HPCL" 
GRAPHICS ON 
"EN 1 

CASE 71. 
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i 

2250 
2260 
2270 
2280 
2290 
2300 
231 0 
2320 
2330 
2310 
2350 
2360 
2370 
2380 
2390 
2400 
2410 
2420 I GR-U-W 
2430 I 



-. 1 

I 

-c 

2970 
2880 
2890 
2900 
291 0 
2920 
2930 
i S ! 3 !  
2940 
295C 
2950 

2973 
2MO 
2990 

; 

I Cm-AXES 
I 

I 

PRINT I(.jor-uis ( ~ l l i  pw 
PRIWT m 7 - 1 s  ltlE m1us or ME MINOR UIS oc ELLIPSE "Iu1tpm:' t 
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I 
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MbO 
w60 
w o  
YO0 
Ul90 
4900 
4910 
8920 
4930 
4910 
4950 
4960 
4970 
4900 
8990 
so00 
501 0 
$020 
5030 
SCW 
$050 
so60 
5070 
so80 
5090 
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I 

6590 I 
6600 I SIMULATE 
6610 I 
6620 Slulatr : ! 

I 

w 
4. 

I 

11 

! 

6630 
6640 
uw? *; 
6650 
6660 
6670 
6680 
6690 
67CO 
6710 
6720 
6730 
6740 
6750 
6760 
6770 
6780 
6790 
6800 
6810 
6820 
6830 
6 8 r r  
6854 
6860 
687G. 
6880 
6890 
6900 
691 0 
6940 
811'2 

6960 
911'2 
6970 
6971 
6980 
6990 
TOO0 
7010 
7020 
7030 
7C40 
7050 
7060 
7070 
7080 
7090 
7100 
7110 
71 20 
7132 
71 40 
71 50 
71 60 
71 70 
71 80 
71 90 
7200 
721 0 
7220 

6950 * 
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7691 PRINT (I *:100*Anotln2/N~lmulotlons;" ~;lOO*Anotfn2/N~acCapt 
7700 PRIS Neither one lnr ":Anotinb: 
7701 PRINT ~:lOO*Anotlnb/NslPntlatlons:n m;lOO*Anotlnb/N accept 
7710 PRINT nRe.jectrb: ;N-re ject : lOO*N-reject/N~lmUlat lens 
?720 WJNT Tugat 1 XOT inr n;Xnotlnl: 
7721 PRINT ": 1 W*Rnoti?l /Islmulatlons:n R;lOO*Rnotlnl /N-reject 
7730 'LINT (I Target 2 NOT In: n:hcrt1n2; 
7731 .RXIST 100*Rnot:n2/Nsl~latlons:n ; i 00*Mot ln2:N-rrject 
7740 PRINT Welther one in: ";Rnotlnb 
7741 PRINT I) m;lOO*RnotlnbiWslmulatlons:~ a;lOO*Rnotlnb/N~raject 
77150 PRINT 
7751 PRINT 
7753 PRINT CHRS(12) 
7760 FRIWtER IS 1;YIDTH 80 
7770 RRURN 
7780 End-nubl:! 
7790 S U B a D  
7800 SUB Powar-alllpm 
7810 
7820 I spectry aQIllan vu'lablea 
7830 Co1 /Elllpmes/ Ilrtrx(2,2.40~,~u~20~.Ibu~2~~.~jor_.xls~20~.~inor~ul 
~(201 .hata(20) ,hgle(20) .bin-1(20) , ~ ~ a x - x ( 2 0 )  ,biny(20) .EUr-~(20) 
7% CDli /Priver/ Oba(2) 
7850 I Varlaelr Chflriltlon 

7880 DIM Table(62.2) 
7900 ! hltlallte Program 

7920 1 HENU Loo? 
7930 W.nu_loop: I 
7940 Clear-acreen 
7950 GOSUS Pobar-stuff 
7960 SUBUIT 
7970 I 
7980 I INITIALIZE THE PROGRW 
7990 I 
8000 Init-aub2: ! 
8010 Prob-conntant-2*LOG( ,051 
$020 ! L a d  In the Power Table 
UC?O RESTORE Power C a u  
8r40 FOR 1-1 TO 62'- 
8C;O FOR J-1 TO 2 
8060 READ T.ble(1.J) 
8070 YEXT J 
8080 XXT I 
8170 RETURN 
8180 I 
8191, I Power calculatloss: flnd the non-centrallty parmter, habd8 ,  
9200 I to u w  with the tables. 
8210 I 
8220 Power-ntuff:! 
8230 PRINT nPower Calculatlon~r Non-centrallty Par8m;er" 
8240 PRINT 

1 Target tllipr Chi-sqwe Tent Pousr Calaulation 

7870 DIM Mu-=t(2.2,2)Dhlu(z) 

7910 cosue mt-sub2 

8250 mrt 1-1 TU 2 

8290 
8300 
931 0 
8320 
8330 
8340 
8350 
8360 
8370 

1 
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83eo PRINT "Mean differedae along the X axis:  ": 
8390 INPUT "X Diffrr8n~e:~,hlt.(l) 
8400 PRINT D.lt.(l) 
8hlO PRINT nMan difference along the I axiss  ": 
8420 INPUT "I Dlfferencern,Delta(2) 
8230 PRINT Delta(2) 
84PO I Calculate paramtars 
8450 Lambda-0 
8460 FOR 1-1 TO 2 
8470 FJR J-1 TO 2 
9480 ~ B b d ~ - L . o D b a ~ P o ~ r - ~ t ( I . J , Z ) * D e l t A ( I ) * D e l t i r ( J )  
8490 JEXT J 
8500 NEXT I 
851C PRINT "L.K l a  - 
8523 PRINT 
8530 
8540 GOSUB Llnev lnterp 
8550 PRINT RLlnec Power: a;Li_powor 
8560 
8?0 QOSUB Lagruige-interp 
8580 PPINT *Lagrange Powr: n:Lagouer 
85YO Paweablt 
8600 
8610 R R U R N  
8620 I 
8630 I Ltnear Intorpolation 
8640 I 
8650 Linear interp: ! 
8660 I Find Bounding Values 
8670 Search-1 
d680 It imrbda>-39 THEN 

~i odor-1 RARN 8690 
8700 
8710 END IF 
8720 WILE Lambda>Table(Search.l) 
8730 Search-Sswch+ 1 
8740 END WILE 
8750 IF Lambd~-Tabls(Search.1) MEN 
8760 , Li_pouer-T.ble(Se.rch.2) 
8770 R!SURN 
8780 END IF 
8790 Lambd.-h-Tab?dSearch,l) 
8800 La&&-l=Table(Sehrch-l,l) 
8816 Power h-Tablo(So.rch.2! 
8820 Power~l-Table(Search-1.2 1 
8830 IF Powor-h-Power-1 MM 
8840 L i  mer-Power-h 

8860 END IF 
8870 Powor1 -Powor_h*(~da-~mbda-l) I" ,dla-h-LambJa-l) 
8880 )owerZ-?owr_ l* (LUbd._h-~da / / :L .mbda_h-~da_ l !  
8890 Lipr-Poverl +Powor2 
8900 RmmN 
8910 I 4 r u r g e  Intorpolation 
8920 Lagruu~o-intrrp: I 
8930 Soarch-1 
8940 IF Wd.>-39 THEN 
8950 La powur-1 

8970 END IF 
8980 WIU L.mbda>Tsble(Search.l) 
9990 SoarchlSoarch*l 

9010 ;F hmbda-Toble(Search,l ) WHEN 
9020 
9030 

I Get LSnear Interpolation Rosult 

I Get Lagrange Interpolation Result 

IF Deltatl)<>O OR Daltat2)<>0 THEN E36" 

8850 R&RN 

8960 RETURN 

5000 em WHILE 

L. ower-Table(Search,Z) 
R d R N  
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I 
1 - 

9040 END IF 
9C50 Sum.r-0 
9060 FOR I-Search-3 TC Search*2 
9070 Prod-Table(I.2) 
9080 ?OR J-Se~rch-3 TO Search*2 
9090 IF J<>I T I M  
91 00 
91 10 W D  IF 
9120 NEXTJ 
91 30 Swmr-Sumer *Prod 

9150 La power4 B r  
9160 REWN- 
9170 IChi-rqure(2) Poww Table. let colum is non-censra:i:y parameter, 
9180 12na is power. 0.05 s:gnificanca label. Froa Soleetad Tables ln 
9190 IHathematical Statistics. Volume 1. 
9200 Power-da'a: 1 

Prod-PrQd~(Lambda-Table( J , 1 ! 1 It :able( I, 1 )-TablsiJ, ; ) 

91.0 WD(T I 

DATA .0..05 921 0 
9220 
9230 
9240 
Si50 
9260 
9270 
9280 
9290 
9300 
9314 
93: 0 
9330 
93a0 
9350 
9360 
9370 
2380 
9390 
9400 
9410 
9420 
9430 
9440 
9450 
9469 
9470 
9480 
9990 
9500 
9513 
3520 
9530 
9540 
955c 
9560 
9570 
9480 
9590 
9660 
9610 
9620 
96 30 
9640 
9650 
9660 
9670 
5680 
9690 

DATA .l..M76 
DATA .2,.0653 
DATA .3..0733 
DATA .4..081& 
DATA .5, .0896 
DATA .6,.09a 
DATA .I,. 1065 
DATA .8,.1151 
DATA .9,.1239 
DATA 7 ,  .1327 
3fTA 1.2,.1507 
DATA 1.4,.1691 
DATA 1.6..1877 
DATA 1.0, ,2065 
DATA 2.0,.2255 
DATA 2.2. .2447 
DATA 2.4. .2639 
DATA 2.6,.2831 
DATA 2.8..3024 
DATA 3.0..3215 
DATA 3.5,.3540 
DATA 4,.4754 
DATA 9.5,.4604 
DATA 5,.5037 
DATA 6,.',840 
DATA 7,.6554 
DATA 8..7176 
DATA 9,.7707 
C . U A  10..8154 
DATA 1 1  .e526 
DATA 12..8832 
CATA 1 3, .go80 
DATA 14,. 3200 
DATA 15,.9440 
DATA 16,.9567 
DATA 17. .9667 
CATA 18,. 9745 
CATA 19,. 9805 
DATA 21,. 9852 
OLTA 21,.9888 
W T A  22, .9916 
DATA 23,. 9937 
nATA 24,.9953 
DATA 25,  -9965 
DATA 26, .9574 
DATA 27,.996! 
DATA 28, .9986 
DATA 29,. ?985 

u 
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a 

9700 
971 0 
9f2O 
97 33 
9730 
9750 
97 60 
9770 
9780 
9790 
9803 
981 0 
9820 
9830 Ea 
ww 
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C. ELLIPSTUFF: E l l i D s e  Routine L i b r a m  

E l l i p s t u f f  is an wellipae routine libra.?y,w uhizh contains a large number of 
r o u t i n e s  to make working w i t h  ellipses easier. As such, both Genelllpse and 
Zilslm contain a l l  of +&e= rautines,  but they are alao l i s t e d  separately. 
If wre p?ograms need to be written, these are the routines to b u i l d  *.em 
uitn- 
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c 

I 
L1 

1 
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I 

8 

I 

14 
14 
14 
14 
14 
14 
14 
1 4  
14 
14 
14 
1Y 
ir 
1Y 
1Y 
1Y 
1Y 
1Y 
1Y 
16 
16 

1670 
16& 
16W 
1 loa 
1710 
1720 
1730 
17M 
1780 
1190 
1791 
1800 
1810 
1820 

1 8 P  
1840 
1850 
1860 
1879 
!W 
1890 
1891 
1892 
1 e 3  
1894 
18% 
1896 
1698 
1899 
1900 
1910 
1920 
1930 
1940 
1941 
1942 
1943 

I 
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